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Description

[0001] The present invention relates to an anti-aging additive composition for a quench oil circuit in an ethylene
production plant, specifically to control the viscosity of the quench oil (FOK) obtained as bottom product of the frac-
tionating column, and utilized for steam production in the gasifying cracking process to cool down the output from the
cracking, and for the commercial production of fuel oil (FOK).

[0002] Asitis well known, ethylene production for petrochemical use is an important process in the field of oil refinery.
[0003] This production takes place in different steps, starting from an ethane, virgin naphtha or gas oil feed, that is
subject to gasifying cracking, by means of high temperature steam injection, in a reactor where temperatures reach
values in the range of 750-900°C.

[0004] This output is cooled by mixing it with a colder fluid and fed in a fractionating column where the separation of
ethylene and light gasolines from a heavier oil (FOK) takes place.

[0005] The quality of the distillation, i.e. the amount of ethylene, light olefins and gasolines extracted from the top of
the column, is influenced by the temperature of the feed in the fractionating column. A higher temperature results in a
higher yield of light products.

[0006] The so-called quench oil is utilized as fluid, that is the heavy oil extracted from the bottom of the fractionating
column, marketable as fuel oil.

[0007] An amount of the quench oil is exiracted to be used as fuel, while the remaining part is cooled by utilizing it
for the process steam production and for a preheating of the crude charge.

[0008] As aconsequence of cooling, the oil reaches a temperature of about 100-170°C and it is mixed at a 8:1 ratio
with the fractionating column feed in order to cool the latter.

[0009] The resulting temperature at the inlet of the fractionating column is between about 170°C and 220°C.
[0010] Even though an increase of this temperature is desirable for its cost-effectiveness, nevertheless it presents
a number of serious unfavorable side effects, showing up particularly as a viscosity increase of the quench oil injected
into the cycle.

[0011] In fact, the continually recirculating quench oil remains in the circuit at relatively high temperatures for long
periods of time, and this causes its aging, because of the presence of unsaturated compounds, with polymers and
rubbers formation and a resulting viscosity increase.

[0012] Allthe aforementioned side effects obviously entail negative repercussions on the functioning of the production
plant. These are the increase of the power required by the recirculation pumps, the reduction of the thermal exchange
coefficients involved in steam production, reduction that compensates and outdoes a possible contribution provided
by the temperature increase, and the increase of the maintenance costs involved in the cleaning of the plant compo-
nents exposed to the quench oil.

[0013] In order to avoid the aforementioned side effects, the conventional plant is operated maintaining a quench oil
temperature that enables its viscosity not to overstep a value that ensures the plant operational safety. In order to avoid
the occurrence of the aforementioned side effects, the conventional plant is operated maintaining a quench oil tem-
perature so that its viscosity does not exceed a value ensuring the operational safety of the plant.

[0014] Contrary to that, an operation temperature rise in the fractionating column would make it possible to obtain
a higher production of steam, as well as a higher recovery of light products, with an ensuing increase of the plant global
efficiency.

[0015] The technical problem underlying the present invention is that of providing an additive composition of the
quench oil enabling the minimization of the drawbacks mentioned with reference to the state of the art, in order to
increase the ethylene production plant efficiency.

[0016] This problem is solved by an anti-aging additive composition that constitutes the subject-matter of this inven-
tion, comprising an effective quantity with respect to the aging of the said oil, of at least one component selected in a
group constituted by alkylated phenols, alkylated biphenols, diphenols, alkylated diphenols, aromatic amines and ni-
troxides, precursors and mixtures thereof.

[0017] The main advantage of the additive according to this invention lies in enabling a quench oil viscosity control
in view of a significant rise of the fractionating column operation temperature.

[0018] Another technical problem associated with the one mentioned above, concerns the control rules for the plant
operations of an ethylene production plant that utilizes quench oil to cool the feed at the fractionating column.

[0019] Therefore, the present invention in addition relates to a method for operating the circuit as specified above,
said method comprising the following steps:

- drawing a quench oil sample from the bottom of said fractionating column operating at a predetermined operation
temperature;

- measuring said quench oil viscosity;

- addingto the oil flow of the quench oil circuit a quantity of additive according to the invention, selected accordingly
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to the measured value of said quench oil viscosity;

- testing the circuit oil viscosity response to the adding of said quantity of additive, at said predetermined operation
temperature; and

- increasing said operation temperature until increasing again at said measured value said quench oil viscosity.

[0020] In order to better understand the invention aspects, the only figure of the annexed drawing shows schemat-
ically and in a simplified way an ethylene production plant.

[0021] The P feed of ethane, virgin naphtha or gas oil is preheated in a counterflow heat exchanger 1 by the quench
oil flow, and fed into a steam cracking reactor 2, together with a steam flow 3. This steam flow is produced in a steam
generator 4, exploiting the heat, at about 160-170°C, of the oil delivered from a fractionating column 5.

[0022] The oil flow 6, cooled down at about 100-170°C by passing through the heat exchanger and the steam gen-
erator 4, 1, is mixed with the crackerized flow 7, coming out of reactor 2 at about 850 °C, so as to bring it rapidly to an
inlet temperature of about 160°C at the fractionating column 5.

[0023] The bottom product of the latter, constituting quench oil (FOK), is sent to the steam generator 4 for the steam
production.

[0024] The top product, constituted by ethylene, steam and gasolines, goes into a flash tower 8 for the separation
of ethylene as final product.

[0025] The remaining top product (water and gasolines) goes into a separator 9 for the recovery of water that is
directed to the steam generator 4 through the pipe 10, as well as for the recovery of gasoline and py-gas as product
11. Quench oil in excess with respect to the plant cycle needs is also extracted as fuel oil (FOK), indicated 12.
[0026] As alkylated phenols are mentioned for instance those alkylated in position 2 and/or 4 and/or 6, as 2,6-di-ter.
butyl-phenol; 2,4-dimethyl,6-ter.butyl-phenol; 2,6-di-ter.butyl-4-methyl-6-nonyl-phenol and similar.

[0027] As alkylated biphenols are mentioned for instance 4,4'-methylene-bis-(2,6-di-ter.butyl,4-methyl-phenol and
similar.

[0028] As diphenols are mentioned for instance catechol, hydroquinone and 4-ter.butyl catechol and similar.
[0029] As aromatic amines can be mentioned for instance N,N'-di-sec.butyl-p-phenylendiamine; N-aryl,N'alkyl-p-
phenylen diamines and so on.

[0030] As nitroxides are mentioned for instance 4-hydroxi-2,2,6,6-tetramethyl-piperidin-nitroxide; 1- piperidinyloxi,
4,4'-(1,10-dioxi-1-10-decanedyl) bis(2,2,6,6 tetramethyl) and similar.

[0031] The additive according to the invention is injected, as indicated by 13, in the quench oil circuit in a predeter-
mined amount between the bottom of the fractionating column and the recirculating pump .

[0032] According to a more general aspect of the invention, the additive is injected in an amount between 20 ppm
and 200 ppm, depending on the quench oil flow rate.

[0033] Such an amount is preferably higher than 50 ppm in order to maintain the viscosity values, under the same
operational temperature, far below the predetermined safety limits.

[0034] Forinstance, said operative viscosity values can be in the order of 15 cst with respect to a safety limit of 25 cst.
[0035] When the predetermined amount is between 100 ppm and 120 ppm, a bottom column temperature of up to
15°C higher than the usual value of 160-210°C can be advantageously obtained, without relevant promoted aging
phenomena and the subsequent sudden viscosity increase.

[0036] Underthe same conditions of exchange surfaces and recirculating power, such a temperature yields a higher
quantity of steam to be mixed to the naphtha feed.

[0037] Moreover, the amount of the light products obtained from the top of the fractionating column is sensibly in-
creased, with a consequent increase in cost-effectiveness in the refining process.

[0038] As itis known, the operation of a quench oil-utilizing ethylene production plant is subject to extremely delicate
balance conditions. Actually, in the presence of determining conditions, oil aging proceeds at exponential rate. This
makes continuous monitoring and prompt and precise interventions unavoidable.

[0039] The increasing of the operation temperature of the fractionating column as an effect of the additive utilization
according to the invention, is therefore a problem which may find its solution, but the search for this solution is an
awkward, not danger-free issue, because of the aforementioned reasons.

[0040] The operating method according to the invention solves this problem.

[0041] Infact, it has been noted that a direct relation exists between an oil viscosity measure, carried out for instance
by closed container method, and the real behavior of the oil inside the quench circuit, with reference to its real viscosity.
[0042] This allows a measuring to be done on oil samples obtained directly from the inside of the plant, depending
on the adding of determined additive amounts according to the invention, that are thus variable both with respect to
the oil charge fed into the plant, and to temperature and time. Those tests, carried out during the plant operation, allow
an adequate forecast at the additive kind and amount that has to be added in order to obtain the object of increasing
the operation temperature, compatibly with keeping flow viscosity within a safety limit value.

[0043] Specifically, a fuel oil drawing is carried out, with subsequent subdivision in samples.
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[0044] Then a comparative test of aging is carried out inside the closed container, at a predetermined temperature,
and for a predetermined time interval.

[0045] For instance, oil aging is obtained at 205°C for 24 hours. Before and after aging, viscosity and the so-called
pour point are measured at a predetermined temperature (e.g. of 90°C).

[0046] Viscosity is measured according to the ASTM D445 method, and the pour point is measured according to the
ASTM D97 method.

[0047] The test is to be carried out on different samples, adding a preset amount of additive, e.g. between 10 ppm
and 50 ppm, to some of them.

[0048] Another test can be carried out by subjecting the samples to a viscosity measuring at 50°C, for example by
the aforementioned method, after extraction and after aging cycles e.g. of 24 and 120 hours at 185°C, after adding
the predetermined additive dosage.

[0049] Once those tests are carried out it is possible to accomplish the aforementioned operating method, wherein
a quench oil viscosity measurement is carried out at a predetermined operation temperature, in order to keep said
viscosity within a safety limit value, e.g. of 20 cst.

[0050] An amount of additive according to this invention is then added to the quench oil flow coming out of the bottom
of the fractionating column, amount which can be obviously presumed from said quench oil viscosity value.

[0051] Said amount is represented e.g. by a 100 ppm dosage.

[0052] The oil viscosity response to the adding of said additive amount is then tested at the aforementioned prede-
termined operation temperature. This test will show a significant quench oil viscosity decrease.

[0053] Said operation temperature can now be increased, until the viscosity of said quench oil is raised to the pre-
determined reference value. This reference value can be, for example, equal to a safety value of 20 cst.

[0054] Some examples of additive application according to this invention will be disclosed hereinafter, given by way
of explanation, and not for limitative purposes.

EXAMPLE 1

[0055] In an ethylene production plant, some fuel oil samples were extracted from the bottom of the fractionating
column. Viscosity at 50 °C was measured by using CANNON FESKE (ASTM D445) viscosimeters, and resulted to be
equal to 100 centipoise (cps).

[0056] An additive containing 4,4'-methylene-bis-(2,6-di-ter.butylphenol) and catechol in a 1:1 ratio with a 30 ppm
dosage was added to the two samples.

[0057] A first sample underwent aging at 185°C for 24 h in a closed steel container. A second sample underwent
aging at 185°C for 120 h in an analogous container.

[0058] A third and a fourth sample, with no added additives, were aged with the same parameters of respectively
the first and the second sample, always in a closed container.

[0059] Finally, viscosity's at 50°C were measured as described above, obtaining the following results.

Table 1
185°C/24 h | 185°C/120h

without additive 200 cps 450 cps
with additive 176 cps 372 cps

[0060] As it can be noted, the difference between viscosity's detected in samples with and without the additive in-
creases in percentage with the lengthening of the aging time.

[0061] The aforementioned additive was added to the oil flow of said plant with a 100 ppm dosage. Within 24 hours,
the following was evidenced:

Table 2

before after

Temperature(°C) 1779 | 176.7

Viscosity (centistoke - cst) 201 15.1

[0062] As it can be noted, a relevant difference in viscosity was obtained, compared to a negligible temperature
decrease.
[0063] This additive addition allowed an operation temperature (always relative to the bottom of the fractionating
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column) of 185°C, with a viscosity level at 190 °C of the order of 20 cst, compared to the 178 °C obtained without
additive.

EXAMPLE 2

[0064] I|n an ethylene production plant, some fuel oil samples were extracted from the bottom of the fractionating
column. Viscosity was measured with the aforementioned method, at 50°C, resulting equal to 100 centipoise (cps).
[0065] An additive containing 2,4-dimethyl-6-ter.butyl phenol and 4-ter.butyl catechol in a 2:5 ratio with a 30 ppm
dosage was added to two samples.

[0066] A first sample underwent aging at 185°C for 24 h; a second sample underwent aging at 185°C for 120 h.
[0067] A third and a fourth sample, with no added additives, were aged with the same parameters of respectively
the first and the second sample.

[0068] All the agings, as for example 1, took place in a closed steel container.

[0069] At the end, viscosity's at 50°C were measured as described above, obtaining the following results:

Table 3
185°C/24 h | 185°C/120 h

without additive 200 cps 450 cps

with additive 145 cps 315 cps

[0070] Also in this case, as it can be seen, the difference between viscosity's detected in samples with and without
the additive increases in percentage with the lengthening of the aging time.

[0071] Viscosity at 90°C and pour point were measured in four new samples of the same origin. Then they were
aged at 205°C for 24 h in a closed container. A sample was left without additive, while additive was added to the other
three samples with a dosage of respectively 15 ppm, 30 ppm, 45 ppm.

[0072] Finally, viscosity and pour point at 50°C were measured as described above, obtaining the following results:

Table 4
Viscosity at 90°C | pour point
(cps) (°C)
not aged 40 -21.0
aged (without additive) 825 +16.2
aged (15 ppm) 722 +14.5
aged (30 ppm) 600 +13.4
aged (45 ppm) 500 +12.2

[0073] The effects of the additive tested on fuel oil viscosity and pour point can be easily observed.

[0074] The aforementioned additive was added to the oil flow in the plant at issue with a 100 ppm dosage, and a
global viscosity decrease of 30% was detected.

[0075] In this case, the additive addition made it possible to increase the operation temperature by 5-7°C, keeping
circuit viscosity unchanged (lower than 20 cst at 90°C).

EXAMPLE 3

[0076] In an ethylene production plant, some fuel oil samples were extracted from the bottom of the fractionating
column.

[0077] Viscosity at 90°C and pour point were measured with the aforementioned methods. Then they were aged at
205°C for 24 h in a closed steel container.

[0078] A sample, indicated with A, was left without any additive. To two samples, indicated with B and C respectively,
an additive was added, containing 2,4-dimethyl-6-ter.butyl phenol and 4-ter.butyl catechol in a 2:5 ratio with a dosage
of respectively 20 ppm (B) and of 35 ppm (C).

[0079] To two other samples, indicated with D and E, respectively, an additive containing 2,4-dimethyl-6-ter.butyl
phenol and (1-piperidinyloxy,4,4'- ((1,10-dioxo-1-10 decanedyl)bis (2,2,6,6-tetramethyl-) in a 2:5 ratio with a 20 ppm
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(D) and a 35 ppm (E), respectively, was added.
[0080] Finally, viscosity's and pour point were measured according to ASTM as described above, obtaining the fol-
lowing results:

Table 5
Viscosity at 90°C | Pour point

(cps) (°C)
not aged 4.85 -27.5
aged A 22.2 -24.0
aged B 19.0 -258
aged C 15.9 - 271
aged D 18.2 -256
aged E 15.9 -27.2

[0081] Also in this case, the effects of the additive tested on extracted fuel oil viscosity and pour point can be easily
observed.

EXAMPLE 4

[0082] Also the other compounds mentioned below were tested by aging in a closed container.

[0083] Extracted fuel oil samples show a 100 cps viscosity at 50°C. Aging tests at 185°C for 24 h and 120 h were
carried out on samples with no additives and on samples treated with a 30 ppm additive dosage as to table 6. Viscosity
at 50°C was then measured as aforesaid described. Results are as follows:

Table 6
(viscosity in cps) 24h | 120 h
without additive 200 450
2,4- dimethyl, 6-ter.butyl-phenol 195 420
catechol 160 330
2,2'- methylene-bis (4-methyl-6-nonylphenol) 174 400
4-ter.butyl catechol 150 320
catechol + 4-ter.butyl catechol 145 320
2,4-dimethyl,6-ter.butyl-phenol + N,N' -di-sec.butyl-p-phenylendiamine | 195 352

[0084] As it can be seen, the trend of all the tested additives is that of promoting the lowering viscosity with the
progression of aging.

[0085] For instance, in this case the additives can be used according to the invention.

[0086] A man skilled in the art will be able to carry out several further modifications to the anti-aging additive com-
position described above, without departing thereby from the protective scope of the invention as defined by the fol-
lowing claims.

Claims

1. Anti-aging additive composition for a quench oil circuit in an ethylene production plant that utilizes oil, obtained as
bottom product of the fractionating column, for the cooling of the cracked flow going the gasifying cracking reactor
to the fractionating column, characterised in that it comprises an effective quantity with respect to said oil aging,
of at least one component selected in a group constituted by alkylated phenols, alkylated biphenols, diphenols,
alkylated diphenols, aromatic amines and nitroxides, precursors and mixtures thereof.

2. Composition according to Claim 1, wherein said alkylated phenols present said alkylation in one or more of the
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positions 2, 4 or 6, or mixtures thereof.

Composition according to Claim 2, wherein said alkylated phenols are selected among 2,6-di-ter.butyl-phenaol,
2,4-dimethyl,6-ter.butyl-phenol, 2,6-di-ter.butyl,4-methyl-phenol, or mixtures thereof.

Composition according to Claim 1, wherein said alkylated biphenols are selected among 4,4'-methylene-bis-
(2,6-di-ter.butyl-phenol), 2,2'-methylene-bis(4-methyl-6-nonyl), or mixtures thereof.

Composition according to Claim 1, wherein said possibly alkylated diphenols, are selected among catechol, hyd-
roquinone and 4-ter.butyl-catechol, or mixtures thereof.

Composition according to Claim 1, wherein said aromatic amines are selected among N,N'-di-sec.butyl-p-phe-
nylendiamine, N-aryl,N'-alkyl-p-phenylendiamines, or mixtures thereof.

Composition according to Claim 1, wherein said nitroxides are selected among 4-hydroxi-2,2,6,6-tetramethyl-pip-
eridin-nitroxide, 1-piperidiniloxy,4,4'-(1,10-dioxo-1,10-decylenedyl)bis(2,2,6,6-tetramethyl), or mixtures thereof.

Composition according to Claims 4 and 5, comprising 4,4'-methylene-bis-(2,6-di-ter.butyl-phenol) and catechol in
a 1:1 ratio.

Composition according to Claims 3 and 5, comprising 2,4-dimethyl-6-ter.butyl-phenol and 4-ter.butyl-catechol in
a 2:5 ratio.

Composition according to Claims 3 and 7, comprising 2,4-dimethyl-6-ter. butyl-phenol and 4,4'-(1-10-dioxo-
1,10-decylenedyl)bis(2,2,6,6-tetramethyl) in a 2:5 ratio.

Composition according to Claims 3 and 6, comprising 2,4-dimethyl-6-ter.butyl-phenol and N,N'-di-sec.butyl-p-phe-
nylendiamine.

Composition according to Claim 5, comprising catechol and 4-ter.butyl-catechol.

Composition according to Claim 1, wherein said effective quantity is between 20 ppm and 200 ppm.
Composition according to Claim 13, wherein said effective quantity is not less than 50 ppm.
Composition according to Claim 14, wherein said effective quantity is between 100 ppm and 120 ppm.

Method for operating an ethylene production plant utilizing oil, obtained as bottom product of the fractionating
column, for steam production in the gasifying cracking process, in order to cool down the cracked flow exiting from
the gasifying cracking reactor at the fractionating column, and wherein said oil is kept at a predetermined reference
value of viscosity based on a plant safety level, characterised in that it comprises the following steps:

- drawing a quench oil sample at the bottom of said fractionating column operating from a predetermined op-
eration temperature;

- measuring of the oil viscosity;

- addingto the oil flow of the quench oil circuit an amount of additive as defined in any preceding claim, selected
accordingly to the measured value of said quench oil viscosity;

- testing the circuit oil viscosity response to the adding of said amount of additive, at said predetermined oper-
ation temperature; and

- increasing said operation temperature until increasing again at said measured value said quench oil viscosity.
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